












A b s t r a c t
The paper deals with an influence of an aeration time on morphology of an activated sludge 
and  Chemical  Oxygen  Demand  (COD).  The  sludge  tested  came  from  a  treatment  plant 
belonging to a food industry factory.
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of  an  activated  sludge  by  shear  stress  interference  or  ensuring  it more  favorable  aerobic 








in  approximately  the  same  volume  of  waste  water  [2].  It  provide  better  contact  of  the 
substance with the greatest sludge microbial biomass (which use adsorbed colloidal particles 
and other solutes as food source) but above all,  its goal  is  to oxidize  the activated sludge 
to provide it with favorable conditions for metabolic activity [3].
The  efficiency  of  biological wastewater  treatment  process  depends mainly  of  carbon, 
nitrogen  and  phosphorus  content.  SBR  technology  (Sequecing Batch Reactors) was  used 
in the experiment because it allows to modify the system in order to influence the process 
of  removing  different  types  of  contaminants.  SBR  are  industrial  processing  tanks  for  the 




[4, 5]. SBR  technology uses method of activated  sludge which  is based on cultivation of 
microorganisms.  The  reactor  content  is  intensively  mixed  and  aerated  to  prevent  falling 
and  provide  oxygen  for  organisms.  Sewage  that  flows  into  the  reactor  is mixed with  the 
activated sludge. It encounters an expanded surface of bacterial flocs which quickly adsorbs 
solutes and colloidal particles. Monomers can be directly assimilated by the bacteria. Macro-
particles  are  previously  hydrolyzed  by  enzymes  secreted  outside  the  bacterial  cells.  Part 
of assimilated substrates is used as an energy source during mineralization. The remaining 






Prolongation of  the mixing phase  in  one  cycle  improves  effectiveness  of  the  removal 
of carbon compounds in the case of dairy wastewater treated in the chambers SBR in a high 
concentration of activated sludge and low load of pollutants [5].






– The  efficiency  of  purifying  and  concentrating  wastewater  discharged  from  individual 
reactors  did  not  differ  significantly.  It  is  therefore  possible  a  long-term  operation 
of  the  chamber  in  the  technological  system  SBR  with  a  long  phase  of  mixing,  or 
alternate system without the risk of reducing the quality of wastewater.
– In  case  of  the  chambers  in  which  anaerobic  conditions  prevail  (with  a  longer  phase 
mixing) conditions are more favorable for denitrification.
– Researchers  have  shown  that  extending mixing  phase  (temporary  or  permanent)  does 
not  significantly  alter  the  quality  of  treated wastewater. The  result  is  higher  efficiency 
of  removing  phosphorus,  nitrate  nitrogen,  slightly  higher  levels  of  Chemical  Oxygen 









helps  to  create  a  more  regular  and  more  bioactive  granules.  Shear  stress  ranging  from 
4.2 to 6.5 N/m2 increases the speed of the granulation process and additionally the granules 
become  larger.  However,  one  cannot  increase  shear  stress  too  much,  since  at  7.7  N/m2 




2. Materials and methods
The  sludge  tested  came  from  a  treatment  plant  belonging  to  a  food  industry  factory. 
Because  of  the  presence  of  a  significant  amount  of  impurities  in  post-production  sludge, 










T a b l e  1
Studies of treated sewage





Flow 2000 m3/d 2000 m3/d Daily
pH 6.5‒9.5 6.5‒9.5 Daily
Temperature 30°C 35°C Daily


























3. Results and discussion
During the discharge of treated wastewater, the 1 L sample was taken from the bioreactor 
with  capacity  of  1200 m3  and  filled  to  half  with  sewage,  which was  aerated  for  1,  2,  3 
and 4 hours. Compressed gas was put in the lower part of the tank by disk diffusers. Before 
taking appropriate samples for testing, measuring vessel was flushed with the sewage. 














This  experiment  shows  the  positive  effect  of  extended  aeration  time  on  the  quality 
of wastewater.
T a b l e  2









T a b l e  3
The results of aeration during 3.5 h
Aeration 3.5 h
PIX flow: 1110 m3/d pH = 8.16 T = 22.2°C
Raw sewage B Treated wastewater
COD [mg/l] 2954 233 10
Phosphorus [mg/l] 6.1 ‒ 0.6









Euplotes  affinis  also  presents  a  good  oxygenation  and  low  loading  rate. The  presence  of 




in a  formation of a floc. Together with  time of  the aeration, a  size of granules decreases, 
which  leads  to  better  penetration  of  oxygen  into  the  interior  of  the  floc  and  increase  the 
adsorption  surface  area. On  the  other  hand  too  long  time of  the  process  is  unfavourable, 
since  too  small  granules  interfere  with  the  process  of  sedimentation. Activity  limitation 
of Rotatoria gives some information about the presence of toxins [6].
T a b l e  4
The results of aeration 12.5 h
Aeration 12.5 h
PIX flow: 680 m3/d pH = 8.37 T = 35.2°C
Raw sewage A Treated wastewater
COD [mg/l] 1267 18 9
Phosphorus [mg/l] 5.1 ‒ 1




Enzyme  activity  is  closely  related  to  environmental  conditions  including  process 
temperature.  According  to  the  Arrhenius  theory  its  growth  will  accelerate  biochemical 
reactions catalyzed by enzymes. However, taking into account nature of the enzyme protein, 
excessive  temperature can  lead  to denaturation and  inhibit  the process. The bacteria used 
in  the  experiment  are  mesophilic.  In  the  aerobic  processes,  heterotrophic  decomposition 
Fig.  2.  Progress of sedimentation after the 3.5 and 12.5-hour aeration
9of  organic  compounds  it  is  assumed  that  the  rate  of  the  process  increases  exponentially 
in a  temperature range from 0  to 32°C.  It  rapidly decreases  to zero at 45°C According  to 
M.  Zielinski  nitrification  rate  increases  at  temperatures  of  30‒35°C.  When  exceeding 
40°C  it  drops  to  zero  [7]. W.  Jańczukowicz, M. Dębowski  and  J.  Peste  showed  that  the 






due  to  the  long  time  impact  of  the various disorders  and  turmoil  in  the  activated  sludge, 
which needs a  long  time  to stabilize. Moreover,  shear  tensions breaks up sludge granules 







and 99.3%). Removed 94% of  total nitrogen  in  the effluent  less aerated and 90% of  total 
phosphorus, while in the other 70% of total nitrogen and total phosphorus of 80%.
Sludge  faster  sediments  after  3.5  h  aeration,  the  level  of  450  cm  was  reached  after 
30 minutes.  In contrast,  similar  level was  reached after more  than an hour  for  the 12.5 h 
aeration. After 4 hours of sedimentation a lower level of sludge obtained in the second case. 
However,  there  is  little  difference  of  only  10  cm  and waiting  an  hour  longer. Moreover, 
the production of solids is lower compared to the example of the longer aeration.
The  results of  the study show  that neither  too short nor  too  long aeration sludge does 
not affect him favorably and consequently on the quality of treated wastewater. Limitation 
of  aeration  time  to  3.5  h  accelerates  the  sedimentation  of  sludge, while  not  significantly 
increases  its minimum  level. The  amount  of  generated  dry  solids  is  lower,  and  therefore 
easier  and  less  expensive  to  remove.  In  addition,  shorter  aeration  treatment  reduces 
operating costs, because the power of the aeration device is quite high.
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